The effects of prednisolone treatment on the cellularity and cytokine (gamma interferon, interleukin-12, and inducible nitric oxide synthase) profiles of leprosy skin type 1 (reversal) reactions were studied using immunohistochemistry. Skin biopsies were taken from 15 patients with leprosy type 1 (reversal) reactions at days 0, 7, 28, and 180 after the start of steroid treatment. Prednisolone treatment had little effect at day 7, but by day 28 significant decreases were found in cytokine levels. Some patients maintained cytokine production at days 28 and 180. These results illustrate the strong Th1 profile of type 1 reactional lesions, the slow response to steroid therapy, and continuing activity at 180 days.
towards Mycobacterium leprae antigens, and patients present clinically with acute skin inflammation and neuritis. There is an influx of CD4 ϩ cells into lesions (10) , and elevated levels of cytokine mRNA and protein have been detected in situ, including IFN-␥, IL-1␤, IL-2, IL-12, and tumor necrosis factor ␣ (4, 7, 14-16). Furthermore, increased levels of the enzymeinducible nitric oxide synthase (iNOS) are found in reactional lesions (8) , indicating an enhanced intracellular killing capacity of macrophages. Reactions are painful and frequently result in significant nerve damage. Immediate treatment with corticosteroids is instituted to prevent nerve damage.
Steroids have multiple effects on cytokine production, principally through inhibition of NF-B-induced transcription of cytokine mRNAs (13) . Several proinflammatory cytokines, tumor necrosis factor ␣ (6), IL-2 (11), IL-12 (5), IFN-␥ (1), and also iNOS are downregulated in this way by glucocorticoids.
This clinical study assessed the in vivo effects of steroids on the cellular phenotypes within reactional lesions and on the expression of iNOS, IFN-␥, and IL-12.
Patients. Fifteen patients (n of BT patients ϭ 6, n of BL patients ϭ 9) with a skin T1R were studied at the Dhoolpet Leprosy Research Centre (DLRC), Hyderabad, India. A T1R was defined as the appearance of erythema in either existing or new leprosy skin lesions within the previous 2 weeks, confirmed histologically. Patient consent was obtained. Skin biopsies (6-mm-diameter punch, stored in liquid nitrogen) were taken from the reactional site on presentation (day 0) (before prednisolone therapy was begun) and from the same area at days 7, 28, and 180 during therapy. Prednisolone (30 mg orally, daily) was used initially and reduced by 5 mg every month. The study design of taking only reactional patients allowed the comparison of levels of cytokine production both within individual patients and groupwise between reactional BT and BL patients, with the patients being their own controls.
Immunostaining. Cryosections (thicknesses, 5 to 6 m) were adhered to silane (Sigma, Poole, United Kingdom)-coated slides and acetone fixed. Sections were incubated with the following monoclonal antibodies: anti-IFN-␥ (33 g/ml; Boehringer Mannhein), anti-IL-12 P40 subunit (25 g/ml; R&D Systems), and anti-iNOS (2 g/ml; Transduction Laboratories). Cell phenotypes were examined using monoclonal antibodies against CD3 (dilution, 1:20), CD4 (1:200), and CD8 (1:20) (Becton Dickinson). Antibody binding was revealed with peroxidase-anti-peroxidase antibody or avidin-biotin complexperoxidase using rabbit-anti-mouse immunoglobulin or biotinconjugated rabbit anti-mouse immunoglobulins, respectively. The enzymatic reaction was developed using 3,3Јdiaminoben-zidine chromogen (Sigma) with hematoxylin counterstaining. Controls for the specificity of staining included the use of appropriate isotype antibodies and normal serum and omission of the primary antibody. Cell and cytokine staining was evaluated independently by two observers using agreed-upon scales (Table 1) . Differences between all four groups were determined statistically using the Kruskall-Wallis test and between two groups using the Mann-Whitney test.
After 28 days of prednisolone treatment, 4 patients had a complete resolution, 10 had a partial resolution, and 1 had no clinical improvement of their skin lesions.
Cellular infiltrate. Cellular infiltrates were assessed at days 0, 7, 28, and 180 (Table 1 ). The cellularity of the lesions decreased during prednisolone therapy ( Fig. 1 and 2 ). All patients had cellular infiltration in the initial biopsy, with most having large granulomas and 10 patients having a score of 3. No significant difference was found between the median scores for day 0 and 7 biopsies (median score, 3), and eight patients still had a score of 3. The cellularity of lesions in biopsies declined significantly from days 0 to 28 (median, 1.5) (P Ͻ 0.02). However, two patients (patients 179 and 342) had no appreciable decrease in their cellular infiltrates over 28 days, and one patient (patient 131) maintained the same level of infiltration after 6 months of steroid treatment. No significant differences were found in the median CD4/CD8 ratios between day 0 (median, 1.8), day 7 (median, 1.7), and day 28 (median, 1.9) (P ϭ 0.5), suggesting that prednisolone therapy does not alter the cell phenotypes attracted into the lesions. BL and BT reactional patients had similar CD4/CD8 ratios. Cytokines. All patient biopsies had positive staining for IFN-␥ and IL-12 on day 0 (Table 1) , and most patient biopsies stained strongly for both cytokines, with median scores of 3, which corresponds to 30 to 50% of cells staining positive (Fig.  1) . IFN-␥ staining was unchanged between day 0 (median, 3) and day 7 (median, 3). A significant reduction was seen between days 0 and 28 (median, 1; P Ͻ 0.0005), by which time only two patients scored 3, five scored 2, and six scored 1. In two patients, IFN-␥ was undetectable by day 28. Results for some individuals contradicted the group trend; three patients (patients 131, 198, and 342) had no reduction in IFN-␥ levels by day 28. Two patients had increased IFN-␥ levels between days 28 and 180, going from a score of 1 to 2 (patients 207 and 303). Staining for IL-12 revealed a pattern similar to that for IFN-␥ (Fig. 1) . IL-12 staining was unchanged between day 0 (median, 3) and day 7 (median, 3). A significant reduction occurred between days 0 and day 28 (median, 1; P Ͻ 0.002). Three patients were negative for IL-12 at day 28. Again, three patients (patients 131, 179, and 342) showed no reduction in IL-12 over the 28 days. One patient (patient 141) had increased IL-12 expression between days 28 and 180.
iNOS. iNOS staining paralleled that for IFN-␥ and IL-12 (Fig. 2) . Positive staining in the initial biopsy was strong, with a median score of 3 (30 to 50% of cells were positive). Two patients showed very high levels of iNOS expression at day 0, with a score of 4, and both of these patients were classified as BT in reaction. Again there was no difference detected between the day 0 and 7 (median, 3) biopsies. Staining was significantly reduced from days 0 to 28 (median, 1; P Ͻ 0.0004). Two patients (patients 131 and 342) maintained constant levels of expression between days 0 and 28. Figure 3 shows time courses for the staining for cellularity and IFN-␥, IL-12, and iNOS staining in typical BT and BL patients. Cellularity and cytokine expression are maintained from days 0 to 7 and decline only by day 28. Of the patients who had continuing high levels of cellularity and cytokine expression, patients 131 and 342 stand out as having continued IFN-␥ and IL-12 expression at day 28 and patient 303 showed even an increase in IFN-␥ at 6 months.
This study showed a decline in cellularity and intralesional cytokine production on steroid treatment. In all the patients there was a strong Th1 response with a marked cellular infiltrate with high levels of IFN-␥, IL-12, and iNOS in reactional lesions. It was surprising that the cellular infiltration and cytokine expression were maintained at pretreatment levels for at least 7 days. We had expected a decrease in cytokine expression by day 7, as by then many patients show marked clinical improvement. Our data suggest that, even after steroid treatment has started, there is continued recruitment of cells and cytokine production within lesions. Maybe steroid therapy acts in two ways, by a rapid reduction of edema which manifests as clinical improvement and then by a slower switching off of the Th1 response. Asthma biopsies of the bronchial tree after 2 weeks of prednisolone treatment showed a significant decrease in IFN mRNA cells but no change in CD4 or CD8 cells (2) . These results are similar to our findings. In asthma patients, corticosteroid therapy results in decreased IL-12 and IFN-␥ production by T cells and monocytes (3) . Unreleased cytokine protein may also be stored in cells for 7 days or more after the start of treatment. Furthermore, our scoring system may not be sensitive enough to detect subtle changes in cell numbers or protein expression. Although the sections were evaluated by two observers, it may be difficult to detect small changes in the percentages of positively stained cells.
These data show that BT and BL patients have similar pathologies when in T1R, with initial high levels of cellular infiltrate and cytokine and iNOS expression and similar CD4/CD8 ratios. As a group, our patients showed a consistent response to treatment, with a decrease in all parameters by day 28, regardless of classification. It is not surprising that some patients failed to follow the predicted trend, given the range of individual clinical and immune presentations in leprosy. The individual heterogeneity in immune responses despite the BT or BL classification emphasizes the importance of studying individual patients. A subgroup of leprosy patients have recurrent reactions; in one Ethiopian cohort, 27% of the patients who had reactions had more than one episode (12) . Our observation of continued immune activity in reactional skin lesions at 6 months may explain this phenomenon, and persistent cytokine production may cause their chronic pathology.
